The first cases of Zika virus infection in Colombia were reported and confirmed in October 2015. The objective of the study was estimate the seroprevalence of ZIKV infection during the preepidemic phase in Barranquilla, Colombia, and demonstrate the presence of virus before the Colombian Ministry of Health confirmed the first case. We conducted a descriptive study of the seroprevalence of Zika virus in 390 samples obtained from a blood bank located in Barranquilla, Colombia -a city endemic for dengue, and with a recent history of a Chikungunya disease epidemic. The serum pools were tested using euroimmun ZIKV elISA kit. Seroprevalence of Zika virus Igg were: May 2015: 0%, June and July 2015: 2.62% (95% CI = 0.28-12.13) and August 2015: 5.35% (95% CI = 1. 74-16.74). This brings to our attention the need for extending the surveillance period of this virus in order to adequately assess its teratogenic effects.
INTRODUCTION
On May 7 th 2015, the World Health Organization (WHO) and the Pan American Health Organization (PAHO) issued an epidemiological alert to all member states regarding ZIKV infection. This alert recommended countries at risk to establish and maintain protocols for detecting and confirming ZIKV infection as well as for adequately treating the infected patients. Furthermore, it suggested countries to implement an effective risk communication strategy, to reduce the presence of the mosquito that transmits the virus, and to take precautions against any mosquito bites (Pan American Health Organization. PAHO/ World Health Organization. WHO 2015) . In October 2015, the Colombian Ministry of Health confirmed the first case of ZIKV infection in the State of Bolivar (Pacheco et al. 2016 , World Health Organization 2015 , and issued instructions for public health surveillance, clinical care, and prevention and control in the face of the arrival of ZIKV to the country (Ministry of Health 2015) . (2019) 91(3) e20180860 2 | 6 ZIKV infections were not commonly known worldwide to the majority of physicians, public health professionals, and policy makers, due to reported cases being quite low and also because previously reported ZIKV infection were usually mild. The non-specific symptomatology of ZIKV infections, together with its prevalence in areas where other arboviruses commonly circulate, render it difficult to diagnose (Brasil et al. 2016 , Kelser 2016 , Malone et al. 2016 , World Health Organization 2016 . For example, ZIKV infections present very similar clinical symptoms to those of dengue, and can occur in individuals co-infected with the dengue virus. The fact that only one in every five individuals infected by the ZIKV develops symptomatology means that public health prevention, and epidemiological surveillance can become complicated (Brooks et al. 2016 , Dasgupta et al. 2016 , Pacheco et al. 2016 , Russell et al. 2016 , Sikka et al. 2016 . The incidence of ZIKV infections during the epidemic phase was reported to be 377.7 per 100,000 inhabitants.
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Before August 9 th 2015, the nationwide surveillance system did not consistently monitor ZIKV (National Institute of Health Colombia 2015). However, after the first cluster of laboratory confirmed cases in October 2015, the ZIKV outbreak extended throughout all areas in Colombia.
Barranquilla, is located on the Caribbean coast of Colombia just 100 kilometers from the town where the first local ZIKV infections were confirmed. During the epidemiological surveillance period, Barranquilla reported the second largest number of affected pregnant women, and the second largest number of cases of neurological syndromes among patients who had previously experienced typical ZIKV infection symptoms (Pacheco et al. 2016 ).
Blood bank donor samples have been used by various authors to estimate the seroprevalence of infectious diseases. This measurement provides information regarding the magnitude of the circulating pathogen, and the date when the first cases of the epidemic appear (Contreras et al. 1999 , gallian et al. 2017 , Noubiap et al. 2013 , Veguilla et al. 2016 , Yamashiro et al. 2004 . It is important to try and determine the moment in which ZIKV began circulating in a certain area in order to properly define the exposure period. In this way, risk estimates for known adverse outcomes after ZIKV exposure such as microcephaly and guillain-Barre syndrome can be determined, and the expected number of infected individuals during a certain period can be predicted (Reefhuis et al. 2016 ). Furthermore, knowing the gestational timing of maternal ZIKV infection is critical because the effect that this infection has on the fetus, as well as on infant outcomes, is variable. Moreover, the epidemic curve currently available for this disease is based on both suspected cases that have been determined primarily based on clinical presentation and laboratory confirmed ZIKV.
We conducted a descriptive study of blood bank samples taken from May 2015 to August 2015 to estimate the seroprevalence of ZIKV infection during the pre-epidemic phase in Barranquilla, Colombia.
MATERIALS AND METHODS

SAMPleS COlleCTION
This study was based on 390 donated blood samples (whole blood donors, with signature of informed consent and approval of the ethics committeeevaluation report 157 of May 25 th , 2017. All data were handled confidentially and anonymously) from the National Blood Bank in Barranquilla, Colombia during the pre-epidemic ZIKV period (May 6 th to August 31 st , 2015). We employed a pooled method in which samples from each week were pooled for conducting the seroprevalence analysis. This strategy assumes that the estimated prevalence obtained from the analysis of pools is similar to that obtained from the analysis of An Acad Bras Cienc (2019) 91(3) e20180860 3 | 6 individual samples when the actual prevalence is below 30%.
STATISTICAl ANAlYSIS
These estimations of seroprevalence were carried out using the epiTools epidemiological calculator.
We applied the formula for pooled prevalence that is used when employing a fixed pool size and an analytical test with known sensitivity and specificity (Sergeant 2017).
In order to calculate the optimal pool sizethat is, the number of samples per pool -we used Method 4 of Cowling (Williams 2010). This method is based on an estimated prevalence that takes into account the sensitivity and specificity of the analytical assay. In our case, the euroimmun ZIKV elISA kit (euroimmun, lübeck, germany) has a reported sensitivity of 76% and a specificity of 100% (Huzly et al. 2016) . There is also no cross-reactivity with the dengue virus, even in the presence of high levels of Igg (Steinhagen et al. 2016) . A pre-epidemic seroprevalence of ZIKV below 10% was assumed, and the following was taken into account: a precision of 5%, a confidence level of 95%, a kit sensitivity of 76%, and a kit specificity of 100%. Based on optimal strategies for pooling samples, 390 samples were taken. We then adjusted the number of samples obtained for each pool using William's criteria (Williams 2010). This considers the prevalence at which the number of tests carried out is 25% less than the number of samples collected. The number of samples per pool was calculated to be 32 for an estimated critical prevalence of 10%. Finally, we used 15 samples per pool because of the moderate sensitivity and high specificity reported for the Euroimmun ZIKV elISA kit.
SeROlOgIC DIAgNOSIS OF ANTI-ZIKV Igg
The euroimmun ZIKV elISA kit was used to determine the levels of anti-ZIKV Igg in blood donor samples. The serum of each donor was mixed gently by vortex. Then, 20 µl of each sample was taken and homogenously mixed in a 1.5-ml tube. Subsequently, 10 µl of each pool was taken for anti-ZIKV Igg detection according to the manufacturer's instructions. Briefly, 10 µL of each pool was diluted in 1 mL of sample buffer, and incubated at 37°C during 60 minutes in one well of the elISA microplate. Afterwards, washes were performed and the peroxidase-labeled anti-human Igg was added for 30 minutes at room temperature. After washing, the substrate was added and incubated for 15 minutes at room temperature. The reaction was stopped by the addition of 0.5 mol/l sulfuric acid. Finally, the optical density (OD) was measured at 450 nm using the automated system BeST 2000 (BIOKIT). Values <1.1 were considered to be negative and values ≥ 1.1 as positive.
RESULTS
eSTIMATeD ZIKV Igg SeROPReVAleNCe BY elISA
We took 390 samples in total, according to the estimated sample. The samples from May 2015, from June and July 2015, and from August 2015. (Table I) . We decided to take more samples in August because it was the month just prior to the reported cases that prompted the government of Colombia to declare a ZIKV state of emergency.
DISCUSSION
Phylogenetic and molecular analyses of ZIKV have suggested a unique form of introduction into the Americas between May and December 2013. This corresponds to more than 12 months before the detection of ZIKV in Brazil (Brasil et al. 2016 , Faria et al. 2016 . Our results provide evidence for ZIKV infections even before the dates . This was very important given the evidence that newborns exposed to ZIKV during pregnancy should be monitored for possible complications during the postnatal period.
Data regarding the duration or the persistence of IgM antibodies following ZIKV infection is limited. However, IgM antibodies against the West Nile virus, a closely related Flavivirus, have been detected in asymptomatic blood donors at least three months after the blood was given (Prince et al. 2005 , Roehrig et al. 2003 . Neutralizing antibodies against ZIKV develop shortly after the IgM antibodies, and consist mainly of Igg antibodies. These latter antibodies generally persist for many years after Flavivirus infections (Poland et al. 1981 , Whitehead et al. 2007 .
The outbreak of diseases caused by ZIKV peaked in Colombia between the fourth and sixth epidemiological week of 2016 (National Institute of Health Colombia 2017). Up until the eleventh epidemiological week of 2016, 50 cases of live births with microcephaly had been reported. Of these, 41 fulfilled the criteria to be screened for possible maternal ZIKV infection. Based on historical numbers of microcephaly in Colombia, only 30 cases were expected for this epidemiological week (National Institute of Health Colombia 2016). The highest number of cases of microcephaly were reported about 22 to 24 weeks after the peak of ZIKV cases in Colombia (the 4 th to 6 th epidemiological week of 2016). In addition, the first cases of microcephaly in Colombia were to asymptomatic mothers (Pacheco et al. 2016 ) which suggests in a greater impact of the our findings.
The results obtained in our study suggest that ZIKV was in circulation before the date reported by the governmental organizations. As such, this means that the period of analysis of newborns with microcephaly or any other congenital central nervous system (CNS) alteration should be retrospectively extended. This is especially true considering that microcephaly at birth is not an essential hallmark of congenital ZIKV syndrome, and that babies with a normal cephalic perimeter at birth may have other CNS abnormalities associated with congenital ZIKV syndrome and might develop microcephaly and other neurological issues later (Van der linden et al. 2016). In the same way, since a public health vision the children probably exposed in June -August should be evaluated for other problem like hearing and visual problems zika-related.
It is important to recognize that our study penalizes sensitivity in favor of specificity so that the positive pools are truly positive for ZIKV Iggs.
Another interesting aspect regarding to blood banks, is the prevalence of those infectious agents that are routinely monitored in a mandatory fashion. In addition to monitoring agents that cause chronic infections, infectious agents that are characterized by an acute process are also evaluated due to their possible transfusion risk. In fact, ZIKV has a transfusion risk similar to that of the dengue virus (Wiwanitkit and Wiwanitkit 2016). Although congenital transmissions are well described, evidence of the risk associated with transfusions (infection and disease) is only preliminary. Nonetheless, ZIKV RNA has been detected in the blood of donors, and cases of transmission by blood products have in fact been reported (Barjas-Castro et al. 2016 , Jimenez et al. 2017 , Marano et al. 2016 ).
